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UG &,53 &RQIHUHQFH RQ /LIH &\FOH (QJLQHHULQJ
'HFLVLRQPDNLQJ LQ 3URDFWLYH 5HPDQXIDFWXULQJ %DVHG RQ 2QOLQH
0RQLWRULQJ
<XOLQ :DQJD -LQTLDQJ +XD  4LQJGL .HD 6RX[X 6RQJD
D6FKRRO RI 0HFKDQLFDO DQG $XWRPRWLYH (QJLQHHULQJ +HIHL 8QLYHUVLW\ RI 7HFKQRORJ\1R 7XQ[L 5RDG+HIHL&KLQD
 &RUUHVSRQGLQJ DXWKRU 7HO  (PDLO DGGUHVV#TTFRP
$EVWUDFW
&RQVLGHULQJ WKH XQFHUWDLQW\ TXDOLW\ RI WKH UHPDQXIDFWXULQJ WKLV SDSHU SUHVHQWV WKH SURDFWLYH UHPDQXIDFWXULQJ ZKLFK LV DFWLYHO\
FDUULHG DW DQ RSWLPDO WLPH 7R LGHQWLI\ WKH RSWLPDO WLPH WKH GHFLVLRQPDNLQJ PRGHO LV JLYHQ EDVHG RQ RQOLQH PRQLWRULQJ VLJQDOV
,QIRUPHG E\ ZDYHOHWSDFNHW GHQRLVH DQG VLQJXODU YDOXH GHFRPSRVLWLRQ HVWDEOLVKLQJ WKH PDSSLQJ UHODWLRQVKLS EHWZHHQ
FRPSRQHQWV IDLOXUH DQG XVLQJ IHDWXUH RI SURGXFWV :LWK WKH VLPXODWLQJ WHVW RQ FUDQNVKDIW RI HQJLQH WKH YLEUDWLQJ VLJQDOV RI
GLIIHUHQW ZHDU FRQGLWLRQ LQ FUDQNVKDIW MRXUQDO DUH DQDO\]HG H[WUDFWHG DQG FRPSDUHG ZKLFK FDQ HVWDEOLVK WKH PDSSLQJ
UHODWLRQVKLS 7KXV LW FRXOG PDNH WKH SURDFWLYH UHPDQXIDFWXULQJ GHFLVLRQ ZLWK WKH RSWLPDO ZHDULQJ FRQGLWLRQ LQ FUDQNVKDIW
  7KH $XWKRUV 3XEOLVKHG E\ (OVHYLHU %9
3HHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI WKH VFLHQWLILF FRPPLWWHH RI WKH VFLHQWLILF FRPPLWWHH RI WKH UG &,53 &RQIHUHQFH RQ /LIH &\FOH
(QJLQHHULQJ
.H\ZRUGV2QOLQH PRQLWRULQJ 3URDFWLYH UHPDQXIDFWXULQJ :DYHOHWSDFNHW GHQRLVH 6LQJXODU YDOXH GHFRPSRVLWLRQ SURFHVV
 ,QWURGXFWLRQ
5HPDQXIDFWXULQJ HQJLQHHULQJ LV D VHULHV RI WHFKQLFDO
PHDVXUHV RU HQJLQHHULQJ DFWLYLWLHV JHQHULF WHUPV WR UHVWRUH WKH
XVHG PHFKDQLFDO DQG HOHFWULFDO SURGXFWV E\ PHDQV RI DGYDQFHG
WHFKQRORJ\ DQG LQGXVWULDOL]DWLRQ SURGXFWLRQ EDVHG RQ WKH
GHVLJQ RI WKH PHFKDQLFDO DQG HOHFWULFDO SURGXFWV ZKROH OLIH
F\FOH DQG PDQDJHPHQW DV WKH LQVWUXFWLRQ ZLWK KLJK HIILFLHQF\
KLJK TXDOLW\ HQHUJ\ VDYLQJ PDWHULDO VDYLQJ HQYLURQPHQWDO
SURWHFWLRQ IRU WKH JXLGH OLQHV >@ 6LQFH WKH UHPDQXIDFWXULQJ
REMHFW LV XVHG ZLWK GLIIHUHQW UXQQLQJ WLPH DQG RSHUDWLQJ
HQYLURQPHQW WKH IDLOXUH VWDWH LQ WKH FRPSRQHQWV RI SURGXFWV
DUH GLIIHUHQW 7KXV WKH XQFHUWDLQW\ TXDQWLW\ DQG TXDOLW\ FRXOG
LQFUHDVH WKH GLIILFXOW\ LQ WKH UHVWRUDWLRQ SURFHVV GXULQJ WKH
IXUWKHU GHYHORSPHQW RI UHPDQXIDFWXULQJ
)RU WKH XQFHUWDLQW\ LQ UHPDQXIDFWXULQJ 0XNKRSDGK\D\ 6 .
>@ VWXGLHG XQGHU WKH FRQGLWLRQ RI XQFHUWDLQW\ UHPDQXIDFWXULQJ
EODQN TXDOLW\ JUDGH RI WKH LQIOXHQFH RI UHPDQXIDFWXULQJ
GHFLVLRQV /LX 0LQJ]KRX>@ VWXGLHG WROHUDQFH JUDGH PDWFKLQJ
PHWKRG IDFLQJ WKH XQFHUWDLQW\ RI UHPDQXIDFWXULQJ SDUWV
-LQ>@VWXGLHG WKH UHPDQXIDFWXULQJ DVVHPEO\ VWUDWHJ\ EDVHG RQ
PRGXODU DQG TXDOLW\ DOWHUQDWLYH VWUDWHJLHV E\ FRQVLGHULQJ WKH
UHPDQXIDFWXULQJ SURGXFW UHWXUQ GLIIHUHQFH XQGHU GLIIHUHQW
TXDOLW\ OHYHOV 6 .DUD >@ HW DO E\ FROOHFWLQJ WKH KLVWRULFDO
RSHUDWLRQDO GDWD VSHFWUDO DQDO\VLV RI YLEUDWLRQ VLJQDOV WR VWXG\
WKH OLIH RI HDFK FRPSRQHQW E\ QHXUDO QHWZRUNV WR DVVHVV WKH
OLIH RI WKH GLVKZDVKHU DQG PDVWHU WKH IDLOXUH SRVLWLRQ EXW LW
EHORQJV WR WKH SRVW GLDJQRVLV ,Q WKHVH VWXGLHV WKH
UHPDQXIDFWXULQJ SURJUDPV DUH DFFRUGLQJ WR DQDO\VLV WKH IDLOXUH
VWDWH RI HQGRIOLIH SURGXFW WR UHPDQXIDFWXULQJ EXW WKH\ GLG QRW
UHVROYH WKH XQFHUWDLQW\ LQ UHPDQXIDFWXULQJ ,Q WKLV SDSHU LW
SUHVHQWV WKH FRUH FRQFHSW RI SURDFWLYH UHPDQXIDFWXULQJ
SURDFWLYHO\ UHPDQXIDFWXULQJ WKH SURGXFW LQ WKH VHWWLQJ WLPH LQ
RUGHU WR GHFUHDVH WKH XQFHUWDLQW\ RI WKH SURFHVV RI
UHPDQXIDFWXULQJ $W WKH VDPH WDPH EDVHG RQ WKH H[SHULPHQW
SODWIRUP RI SURDFWLYH PRQLWRULQJ WKH IDLOXUH VWDWXV HYROXWLRQ
SURFHVV RI SURGXFWV FDQ EH DQDO\VHG WR RSWLPL]H WKH
FRPSUHKHQVLYH SHUIRUPDQFH RI WKH SURGXFW GXULQJ WKH VHUYLFH
SHULRG
 3URDFWLYH UHPDQXIDFWXULQJ
3URDFWLYH UHPDQXIDFWXULQJ LV D VHULHV RI HQJLQHHULQJ DFWLYLWLHV
ZKLFK LV WR SURDFWLYHO\ LPSOHPHQW UHPDQXIDFWXULQJ LQ DQ
DSSURSULDWH WLPH SHULRG IRU WKH SURGXFW RI WKH VDPH GHVLJQ DQG
VDPH EDWFK SURGXFWLRQ DQG DLPLQJ DW SURWHFWLQJ WKH RULJLQDO
GHVLJQ DQG WKH SHUIRUPDQFH RI WKH SURGXFW KLJK TXDOLW\ KLJK
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HIILFLHQF\ HQHUJ\ VDYLQJ PDWHULDO VDYLQJ HQYLURQPHQWDO
SURWHFWLRQ SURGXFWV ZLWK WKH ORQJHVW VHUYLFH WLPH DV D FULWHULRQ
>@
)LJ 3URDFWLYH UHPDQXIDFWXULQJ WLPHGRPDLQ FKDUW
7KH SHUIRUPDQFH RI SURGXFWV LQ WKH SURFHVV RI VHUYLFH FXUYH
FDQ EH VLPSOLILHG DV VKRZQ LQ ILJXUH  'XULQJ WKH VHUYLFH
SHULRG DV WKH LQWHUQDO NH\ FRPSRQHQWV IDLOXUH WKH SHUIRUPDQFH
RI WKH SURGXFW FDQ EH JUDGXDOO\ GHFOLQH ZKHQ WKH SURGXFW
SHUIRUPDQFH GHJUDGDWLRQ UHDFK WKH LQIOHFWLRQ SRLQW ,S LQ
WKHRU\ WKH SURGXFWV VKRXOG EH UHPDQXIDFWXUHG 0HDQZKLOH
ZKHQ WKH SHUIRUPDQFH RI WKH SURGXFW LV EHORZ WKH GHJUDGDWLRQ
WKUHVKROG 7S WKH LQFUHDVH RI IDLOXUH H[WHQW RI LWV LQWHUQDO NH\
FRPSRQHQWV PD\EH FDXVHG WKDW WKH IHDVLELOLW\ RI WKH
UHPDQXIDFWXULQJ LV SRRU DQG WKH UHPDLQLQJ VHUYLFH YDOXH RI WKH
SURGXFW FDQ
W EH HIIHFWLYHO\ XVHG 7KHUHIRUH WKH WLPH WR IDLOXUH
RI WKH SURGXFW DUHD 5  >7,S 77S@ LV FDOOHG UHPDQXIDFWXULQJ
WLPH GRPDLQ DQG LQ WKH YLFLQLW\ RI 7,S WLPH GRPDLQ ǻW LV
SURDFWLYH UHPDQXIDFWXULQJ WLPH GRPDLQ 7  >7,SǻW 7,S  ǻW@
>@
7KH SHUIRUPDQFH FXUYHV VKRZ WKDW WKH SHUIRUPDQFH RI WKH
SURGXFW FRQWLQXHG GHJUDGDWLRQ DV WKH JURZWK RI WKH VHUYLFH WLPH
%\ WKH JHQHUDO PHWKRG LW LV GLIILFXOW WR JHW WKH SDUDPHWHUV WR
TXDQWLI\ WKH SHUIRUPDQFH GHJUDGDWLRQ EXW RQOLQH PRQLWRULQJ
WHFKQRORJ\ FDQ UHDOWLPH WR PRQLWRU WKH FKDQJHV RI SURGXFW
FKDUDFWHULVWLFV DQG TXDQWLI\ WKH SHUIRUPDQFH GHJUDGDWLRQ WR
FRPSOHWH WKH PRQLWRULQJ RI SURDFWLYH UHPDQXIDFWXULQJ RI
SURGXFWV :H FDQ VHOHFW WKH VWDWXV PHVVDJH ZKLFK FDQ UHIOHFW
SURGXFW SHUIRUPDQFH FKDQJH E\ PRQLWRULQJ DQG WKH UHDOWLPH
VWDWH RI DFTXLVLWLRQ H[WUDFWLQJ WKH FKDUDFWHULVWLF SDUDPHWHU
ZKLFK FDQ UHIOHFW WKH VWDWXV PHVVDJH RI WKH SURGXFW
:HDULQJ LV WKH PDLQ IDFWRU RI SURGXFW IDLOXUH >@ ZLWK WKH
NH\ FRPSRQHQWV ZHDU VWUHQJWKHQV WKH LQWHUDFWLRQ RI
FRPSRQHQWV PDNLQJ WKH SURGXFW YLEUDWLRQ LQWHQVLW\ LQFUHDVH
DQG FRPSUHKHQVLYH SHUIRUPDQFH GHJUDGDWLRQ 7KHUHIRUH LW
PXVW H[LVW DQ RSWLPDO UHPDQXIDFWXULQJ ZHDU VH QHDU WKH ,S
ZKHQ WKH ZHDU UHDFK VH IRU UHPDQXIDFWXULQJ ZKLFK FDQ PDNH
WKH SHUIRUPDQFH ORVV UHODWLYHO\ PLQLPDO DQG WKH ORZHVWFRVW
:LWK WKH SURDFWLYH UHPDQXIDFWXULQJ PDWKHPDWLFDO PRGHOV
ZKLFK GHWHUPLQH WKH WLPLQJ RI FRPSRQHQWV FDQ PDNH VXUH WKH
VH >@ 'XH WR ZHDU RIWHQ RFFXUUHG LQ LQWHUQDO DQG GLIILFXOW WR
REWDLQ RQOLQH PRQLWRULQJ FDQ HVWDEOLVK WKH PDSSLQJ EHWZHHQ
WKH FKDUDFWHULVWLF SDUDPHWHUV DQG ZHDU ZKLFK FDQ TXDQWLWDWLYH
WKH LQWHUQDO ZHDU RI SURGXFWV 8QGHU D FHUWDLQ ZHDU
FRUUHVSRQGLQJ WR D FKDUDFWHULVWLF SDUDPHWHU LN  ZKHQ WKH
SURGXFW
V FKDUDFWHULVWLF SDUDPHWHUV UHDFK VN FRUUHVSRQGLQJ WR
ZHDU VH  WKH PRPHQW LV WKH SURGXFW RI WKH RSWLPDO
UHPDQXIDFWXULQJ WLPLQJ
 %DVHG RQ RQOLQH PRQLWRULQJ GHFLVLRQV UHPDQXIDFWXULQJ
WLPLQJ DQG GDWD SURFHVVLQJ
 5HPDQXIDFWXULQJ 3URGXFWV 2QOLQH PRQLWRULQJ WKHRU\
7KH WUDGLWLRQDO UHVHDUFK RI UHPDQXIDFWXULQJ WLPLQJ PRVWO\
EDVHG RQ SURGXFW UHOHYDQW VWDWLVWLFV GDWD RI ZKROH OLIH F\FOH
ZLWK HQHUJ\ FRQVXPSWLRQ HQYLURQPHQWDO LPSDFW RU FRVW DV WKH
GHFLVLRQ WDUJHW >@ KRZHYHU GXH WR WKH SURGXFWV¶ XVH
HQYLURQPHQW XVH WLPH DQG WKH LQIOXHQFH RI PDQ\ XQFHUWDLQ
IDFWRUV LQ WKH SURFHVV RI XVLQJ WKHUH LV JUHDW GLVFUHSDQF\ LQ
UHPDQXIDFWXULQJ RSWLPDO WLPLQJ EHWZHHQ WKHRU\ DQG WKH DFWXDO
SURFHVV RI SURGXFW VHUYLFH )URP WKH IURQW GHVFULEHG VKRZ WKDW
WKH HYROXWLRQ UXOH RI WKH PHFKDQLFDO DQG HOHFWULFDO SURGXFWV DW
WKH VWDJH RI WKH VHUYLFH IDLOXUH VWDWH SURYLGHV D WKHRUHWLFDO EDVLV
IRU WKH LPSOHPHQWDWLRQ RI SURDFWLYH UHPDQXIDFWXULQJ WKHUHIRUH
WKH PRVW HIIHFWLYH ZD\ LV WKURXJK RQOLQH PRQLWRULQJ WR PDVWHU
EODQN IDLOXUH VWDWH
&RPSDUHG ZLWK WUDGLWLRQDO PRQLWRULQJ PHWKRGV PRQLWRULQJ
PHWKRG IRU SURDFWLYH UHPDQXIDFWXULQJ WHQG WR PRQLWRU WKH
SHUIRUPDQFH FKDQJHV RI WKH SURGXFW LGHQWLILHG WKH UXQQLQJ
VWDWH DW DQ\ WLPH DQG PRUH XVHG LQ SHUIRUPDQFH
PRQLWRULQJ EHIRUH WKH IDLOXUH 7KH WUDGLWLRQDO PRQLWRULQJ
PHWKRG LV PRVW XVHG IRU PRQLWRULQJ DIWHU SURGXFW IDLOXUH RIWHQ
XVHG WR LGHQWLI\ WKH ORFDWLRQ RU FDXVH RI WKH IDLOXUH
)RU SURGXFW UHPDQXIDFWXULQJ GXH WR WKH SULRULWLHV RI NH\
FRPSRQHQWV GHWHUPLQHV WKH PRQLWRULQJ REMHFW LV WKH NH\
FRPSRQHQWV >@ 7KH IDLOXUH RI WKH NH\ FRPSRQHQWV FDQ EH
UHIOHFWHG LQ WKH HQJLQH YLEUDWLRQ VLJQDO DFFRUGLQJ WR
PRQLWRULQJ WKH YLEUDWLRQ VLJQDO RI WKH SURGXFW VHQVLWLYH SRVLWLRQ
ZH FDQ JHW FKDUDFWHULVWLF SDUDPHWHUV ZKLFK FDQ UHSUHVHQW WKH
IDLOXUH VWDWH RI HQJLQH NH\ FRPSRQHQWV %\ HVWDEOLVKLQJ WKH
PDSSLQJ UHODWLRQVKLS EHWZHHQ FKDUDFWHULVWLF SDUDPHWHUV DQG
IDLOXUH GHJUHH RI NH\ FRPSRQHQWV WKH LQWHULRU IDLOXUH
LQIRUPDWLRQ QRW HDV\ WR JHW EXW LW FDQ EH H[SUHVVHG WKURXJK WKH
TXDQWLWDWLYH FKDUDFWHULVWLF SDUDPHWHU :H FDQ MXGJH WKH IDLOXUH
VWDWH E\ H[WHUQDO PRQLWRULQJ WKH FRPSRQHQW VKRXOG EH
UHPDQXIDFWXUHG ZKHQ WKH IDLOHG VWDWH UHDFK WKH WKUHVKROG VH
FRUUHVSRQGLQJ WR D FKDUDFWHULVWLF SDUDPHWHU VN  LW FDQ FRQWURO
WKH EODQN TXDOLW\ RQ D VDPH OHYHO DQG UHGXFH WKH HIIHFW RQ WKH
SHUIRUPDQFH RI WKH ZKROH SURGXFW :KHQ WKH NH\ FRPSRQHQWV 
« UHDFK WR PDQXIDFWXULQJ WLPLQJ FRQVLGHU WKH DIIHFW
SURSRUWLRQ IRU SHUIRUPDQFH ZKLFK FDQ PDNH VXUH WKH SURDFWLYH
UHPDQXIDFWXULQJ WLPLQJ RI SURGXFW 7KHUHIRUH WKLV PHWKRG
SURYLGHV D QHZ VROXWLRQ WR UHPDQXIDFWXUH E\ PRQLWRULQJ DQG
IRUHFDVWLQJ HQJLQH NH\ SDUWV 7KH PRQLWRULQJ PRGHO LV DV
IROORZV LQ ILJXUH 


















 'DWD SURFHVVLQJ DQG DQDO\VLV
7KH WZR LPSRUWDQW IDFWRUV IRU LGHQWLI\ NH\ FRPSRQHQWV
IDLOXUH LQIRUPDWLRQ DUH WR FKRRVH WKH DSSURSULDWH PRXQWLQJ
SRVLWLRQ DQG HIIHFWLYH VLJQDO SURFHVVLQJ PHWKRG 6HQVRU
RIWHQ LQVWDOOHG LQ WKH SRVLWLRQ ZKHUH WKH IDLOXUH VRXUFH
DFWLRQV PRVW VHQVLWLYH DQG HDV\ WR UHIOHFW WKH UHVXOW RI LWV
DFWLRQ 3URGXFW KDV PDQ\ H[FLWDWLRQ VRXUFH LWV XVHIXO
YLEUDWLRQ VLJQDO LV RIWHQ RYHUZKHOPHG E\ WKH YLEUDWLRQ VLJQDO
ZKLFK JHQHUDWHG E\ RWKHU FRPSRQHQWV DQG UDQGRP QRLVH
7KH YLEUDWLRQ VLJQDO IRU SURSHU ZDYHOHW SDFNHW DQDO\VLV FDQ
DFFXUDWHO\ H[WUDFW WKH LQIRUPDWLRQ RI IDLOXUH VWDWH
 :DYHOHW SDFNHWV GHQRLVH DQG HQHUJ\ H[WUDFWLRQ
:DYHOHW SDFNHW DQDO\VLV LV D PHWKRG WKDW GHFRPSRVH WKH
VLJQDO LQ WKH UDQJH RI WKH ZKROH EDQG E\ RUWKRJRQDO ZDYHOHW
SDFNHW DQG FKRRVH DQ DSSURSULDWH WKUHVKROG IRU WKH KLJK
IUHTXHQF\ FRHIILFLHQWV DW HDFK GHFRPSRVLWLRQ VFDOH RI
TXDQWLWDWLYH SURFHVVLQJ DQG WKHQ UHFRQVWUXFW WKH ZDYHOHW SDFNHW
GHFRPSRVHG FRHIILFLHQW WKDW DUH XQLIRUPO\ GLYLGHG E\ IXOO
VSHFWUXP EUDQG WR JHW WKH GHQRLVH YLEUDWLRQ VLJQDO LW KDV D
EURDGHU DSSOLFDWLRQ LQ VLJQDO SURFHVVLQJ >@
,Q RUGHU WR TXDQWLILDEOH WKH HQHUJ\ FKDQJHV RI YLEUDWLRQ
VLJQDO ZLWKLQ HDFK IUHTXHQF\ EDQG VHOHFWLQJ WKH VXP RI WKH
VTXDUHV RI WKH VLJQDO DPSOLWXGH LQ HDFK QRGH RI ZDYHOHW SDFNHW
GHFRPSRVLWLRQ DV WKH TXDQWLWDWLYH YDOXH RI WKH HQHUJ\ IRU WKH
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:KHUH P WKH QXPEHU RI OD\HUV ZDYHOHW SDFNHW
GHFRPSRVLWLRQ
Q  WKH DUELWUDU\ QXPEHU RI QRGHV
O  WKH OHQJWK RI WKH VDPSOH GDWD ZLWKLQ WKH QRGH
N  WKH DUELWUDU\ SRLQW ZLWKLQ WKH VDPSOH
7KH HQHUJ\ RI HDFK QRGH QRUPDOL]DWLRQ SURFHVVLQJ
  
  









7KH QRUPDOL]HG HQHUJ\ RI ZDYHOHW SDFNHW GHFRPSRVLWLRQ
FRHIILFLHQW YHFWRU LV
>         @7 6 P 6 P 6 P P   
 7KH FKDUDFWHULVWLF PDWUL[ RI SDFNHW GHFRPSRVLWLRQ DQG
FKDUDFWHULVWLF SDUDPHWHUV H[WUDFWLRQ
7KH UHFRQVWUXFWHG VLJQDO RI ZDYHOHW SDFNHW FRHIILFLHQWV LV
FRQVLGHUHG DV WKH FKDUDFWHULVWLFV WR GHVFULEH VLJQDO 7KH QRLVH
VLJQDO GRHV P OD\HU ZDYHOHW SDFNHW GHFRPSRVLWLRQ ZKLFK FDQ
EXLOG WKH FKDUDFWHULVWLF PDWUL[ $ DV IROORZ
    
     
    
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:KHUH Q 1 1 WKH QXPEHU RI VDPSOHV RI WKH RULJLQDO VLJQDO
7KH VLQJXODU YDOXH RI PDWUL[ $ FDQ FRQVWLWXWH D JURXS RI
FKDUDFWHULVWLF SDUDPHWHUV [ U UĂ  U1 ZKLFK FDQ RQO\
FKDUDFWHUL]H WKH PDWUL[ RI ZDYHOHW SDFNHW FRHIILFLHQW
UHFRQVWUXFWLRQ VLJQDO $ FDQ RQO\ UHDFWLRQ WKH VXEVWDQWLYH
FKDUDFWHULVWLFV RI WKH VLJQDO DW WKH VDPH WLPH WKH FKDUDFWHULVWLF
SDUDPHWHUV FDQ RQO\ VKRZ WKH FKDUDFWHULVWLFV RI WKH
UHFRQVWUXFWHG PDWUL[ RI ZDYHOHW SDFNHW FRHIILFLHQW VR WKH
FKDUDFWHULVWLF SDUDPHWHU FDQ EH IXOO\ XVHG WR UHSUHVHQW WKH
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)LJ VHQVRU LQVWDOODWLRQ SRVLWLRQ
 (QJLQH SURDFWLYH PRQLWRULQJ DQG DQDO\VLV RI WKH FDVH
,Q RUGHU WR UHDOL]H WKH SUHGLFWLRQ HYROXWLRQ SURFHVV RI WKH
IDLOXUH RI WKH PHFKDQLFDO DQG HOHFWURQLF SURGXFWV RXU UHVHDUFK
WHDP KDV EXLOW D SURDFWLYH UHPDQXIDFWXULQJ RQOLQH PRQLWRULQJ
V\VWHP ([SHULPHQWDO REMHFW LV D VLQJOH F\OLQGHU HQJLQH
VWXG\LQJ WKH UHPDQXIDFWXULQJ WLPLQJ GHFLVLRQPDNLQJ RI
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FUDQNVKDIW MRXUQDO ZHDU IDLOXUH :KHQ WKH FUDQNVKDIW MRXUQDO
ZHDUV WKH RLO ILOP LV GHVWUR\HG LQFUHDVLQJ WKH GHJUHH RI LPSDFW
RI MRXUQDO DQG FRQQHFWLQJ URG QRW RQO\ DFFHOHUDWH WKH MRXUQDO
ZHDU EXW LW DOVR WXUQ XS WKH LPSDFW RQ WKH ZKROH HQJLQH 'XH WR
WKH SRRU OXEULFDWLRQ FRQGLWLRQ DQG WKH KHDY\ ORDG RI FRQQHFWLQJ
URG MRXUQDO WKDW LW ZHDUV PRUH VHULRXV WKDQ WKH PDLQ MRXUQDOV
WKLV SDSHU PDLQO\ VWXGLHV WKH ZHDU RI FRQQHFWLQJ URG MRXUQDO ,Q
RUGHU WR VLPXODWH WKH GLIIHUHQW ZHDU RI WKH FUDQNVKDIW WKH VL]H
RI VKDIW VWLFN ZHUH ZHDU ZLWK ǃǃǃǃǃ
˄PP˅  7KH LQVWDOODWLRQ VLWH RI VHQVRUV DV VKRZQ LQ
ILJXUH  WKH LQVWDOODWLRQ SRVLWLRQ RI WKUHH DFFHOHUDWLRQ VHQVRUV
ZHUH WKDW  LQVWDOOHG RQ EHDULQJ HQG FRYHU  LQVWDOOHG LQ WKH
XSSHU RI HQJLQH ERG\ DQG  LQVWDOOHG LQ WKH VLGH RI WKH ERG\
VXUIDFH
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G  VHQVRU H PP
)LJ 7KH FRPSDULVRQ RI YLEUDWLRQ VLJQDO
7KH VDPSOLQJ IUHTXHQF\ RI H[SHULPHQWDO LV  N+] WKH URWDWH
VSHHG LV UPLQ DQG XQGHU  RI WKH IXOO FDSDFLW\ ,Q WKH
VL[ JURXSV ZHDU VWDWXV  JURXSV RI H[SHULPHQWDO GDWD ZHUH
FROOHFWHG DQG LQWHUFHSW  VDPSOLQJ SRLQWV ZHUH FROOHFWHG
IURP HDFK JURXS WR DQDO\]H WKH FKDQJHV RI HQJLQH XQGHU
GLIIHUHQW ZHDU %\ DQDO\]LQJ DQG FRPSDULQJ ILJXUH UHIOHFW WKH
 DQG  VHQVRUV VLJQDOV SRZHU VSHFWUXP FKDUW XQGHU GLIIHUHQW
ZHDU FRQGLWLRQ LW FDQ REYLRXVO\ VHH WKDW WKH LPSDFW RI WKH
FUDQNVKDIW MRXUQDO ZHDU RQ  DQGVHQVRU VLJQDOV LV VPDOO %XW LW
KDV WKH JUHDWHVW HIIHFW RQ WKH YLEUDWLRQ VLJQDO RI  VHQVRU DV
VKRZQ LQ ILJ  VR WKLV SRVLWLRQ FDQ UHIOHFW WKH DFWXDO ZHDU VWDWH
RI WKH FUDQNVKDIW MRXUQDO





























































)LJ:DYHOHW SDFNHW GHQRLVH VLJQDO
 7KH DQDO\VLV RI YLEUDWLRQ VLJQDO
7KURXJK FRPSDULVRQ DQG DQDO\VLV DGRSWLQJ 
GE¶ ZDYHOHW
EDVH DQG  OD\HU ZDYHOHW SDFNHW GHFRPSRVLWLRQ WKH HIIHFW LV
EHVW ZKHQ XVLQJ JOREDO WKUHVKROG GHQRLVH )LJXUH  VKRZV WKH
GHQRLVH VLJQDO XQGHU GLIIHUHQW ZHDU DPRXQWV RI FUDQN MRXUQDO
:KHQ ZHDU WR PP WKH YLEUDWLRQ DPSOLWXGH WKDQ WKRVH
ZLWKRXW ZHDU D VLJQLILFDQWO\ LQFUHDVHV ILJXUH F VKRZV ZKHQ
ZRUQ WR PP WKH DPSOLWXGH LQFUHDVH REYLRXVO\ DQG WKH
DPSOLWXGH WKDQ ILJXUH D LQFUHDVHG QHDUO\  WLPHV ZKLFK
VKRZV WKDW ZLWK WKH LQFUHDVH RI FUDQNVKDIW MRXUQDO ZHDU WKH
DPSOLWXGH RI YLEUDWLRQ VLJQDO ZLOO LQFUHDVH VLJQLILFDQWO\
)LJXUH  VKRZV WKH SRZHU VSHFWUXP GLDJUDP WKDW H[SUHVV
WKH YLEUDWLRQ VLJQDO DIWHU GRQRLVH LQ WKH a N+] IUHTXHQF\
EDQG :KHQ WKHUH LV QR ZHDU DV ILJXUH D WKH HQHUJ\ RI
YLEUDWLRQ VLJQDO PDLQO\ FRQFHQWUDWHV LQ  a N+] IUHTXHQF\
EDQG :KHQ ZRUQ WR PP LQ ILJXUH F WKH HQHUJ\ RI
YLEUDWLRQ VLJQDO PRYH WR WKH KLJK IUHTXHQF\ DQG IRFXV RQ WKH
 a N+] IUHTXHQF\ EDQG ZKLOH WKH ORZIUHTXHQF\ VLJQDO
HQHUJ\ GHFUHDVH VLJQLILFDQWO\ :KHQ LW ZHDUV WR PP ZH
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FDQ REYLRXVO\ JHW WKDW WKH HQHUJ\ JUDGXDOO\ IURP ORZ IUHTXHQF\
EDQG WUDQVIHU WR KLJK IUHTXHQF\ EDQG aN+] 7KHUHIRUH
E\ FRPSDULQJ WKH ILJXUH  DQG ILJXUH  VKRZ WKDW ZLWK WKH
GHWHULRUDWLRQ RI WKH ZHDU GHJUHH RI WKH FUDQNVKDIW WKH
DPSOLWXGH RI YLEUDWLRQ VLJQDO LQFUHDVHV JUDGXDOO\ LQ WLPH
GRPDLQ DQG WKH HQHUJ\ JUDGXDOO\ IURP ORZ IUHTXHQF\ EDQG
WUDQVIHU WR KLJK IUHTXHQF\ EDQG LQ WKH IUHTXHQF\ GRPDLQ











































)LJ 7KH SRZHU VSHFWUXP GLDJUDP RI VLJQDO
 7KH H[WUDFWLRQ RI WKH ZDYHOHW SDFNHW
)RU IXUWKHU TXDQWLI\ WKH FKDQJHV RI HQHUJ\ WKDW WKH
YLEUDWLRQ VLJQDO LQ WKH IUHTXHQF\ GRPDLQ LW LV FRQFOXGHG WKDW
WKH PDLQ QRGH IUHTXHQF\ EDQG HQHUJ\ GLVWULEXWLRQ KLVWRJUDP 
7KH HDFK IUHTXHQF\ EDQGZLGWK RI ZDYHOHW SDFNHW QRGH LV
+] DFFRUGLQJ WR WKH UHODWLRQVKLS EHWZHHQ WKH
UHFRQVWUXFWLRQ RI ZDYHOHW SDFNHW QRGHV DQG WKH IUHTXHQF\
EDQG GLVWULEXWLRQ>@ WKH QRGHV     Ă  
UHSUHVHQW WKH IUHTXHQF\ EDQG  ǃ ǃ
 ˈ  ǃ  ǃ
7KURXJK DQDO\VLV RI WKH HQHUJ\ GLVWULEXWLRQ RI
WKH KLVWRJUDP LQ WKH ORZHU ZHDU RI FUDQNVKDIW MRXUQDO WKH ORZ
IUHTXHQF\ QRGHV  DQG  DFFRXQW IRU KLJKHU HQHUJ\
ZLWK WKH LQFUHDVH RI ZHDU WKH SHUFHQWDJH JUDGXDOO\ GHFUHDVHV
WKH HQHUJ\ RI WKH ORZ IUHTXHQF\ QRGH   LQFUHDVHV ILUVWO\
DQG WKHQ GHFUHDVH DQG WKH HQHUJ\ RI WKH KLJK IUHTXHQF\ QRGH
    LQFUHDVHV TXLFNO\ :LWK DQDO\]LQJ WKH HQHUJ\
SURILOH RI ZDYHOHW SDFNHW QRGH IXUWKHU UHDOL]H WKH LPSDFW RI
WKH ZHDU RQ WKH YLEUDWLRQ VLJQDO LW DOVR LQGLUHFWO\ VKRZV WKH
LPSDFWV RQ SHUIRUPDQFH RI WKH ZKROH PDFKLQH


















)LJ5HIDFWRULQJ QRGHV HQHUJ\ GLVWULEXWLRQ
 0DSSLQJ EHWZHHQ ZHDU DQG FKDUDFWHULVWLFV SDUDPHWHUV
7KH YLEUDWLRQ VLJQDO DIWHU WKH ZDYHOHW SDFNHW DQDO\VLV DQG
UHFRQVWUXFWLRQ WKH FRHIILFLHQW ZKLFK FDQ FRQVWUXFW WKH
FKDUDFWHULVWLF PDWUL[ RI WKH UHFRQVWUXFWLRQ RI WKH ZDYHOHW SDFNHW
FRHIILFLHQWV DV IROORZ
    
    












$IWHU WKH VLQJXODU YDOXH GHFRPSRVLWLRQ JHW WKH FKDUDFWHULVWLF
SDUDPHWHUV RI VLQJXODU YDOXH DV VKRZQ LQ WDEOH  :KHQ WKH
HQJLQH LV XQGHU WKH VHWWLQJ FRQGLWLRQV ZLWK WKH ZHDU RI WKH
FUDQNVKDIW MRXUQDO WKH FKDUDFWHULVWLF SDUDPHWHUVN N N KDYH
DQ REYLRXV LQFUHDVH %\ FRQWUDVW N N DQGN WKH JURZWK RI N
LV WKH PRVW REYLRXV ZKLFK KDV WKH PRVW VHQVLWLYH WR WKH FKDQJH
RI HQJLQH RSHUDWLQJ VWDWH 7KHUHIRUH WKH FKDQJHV RI
FKDUDFWHULVWLF SDUDPHWHUV DQG WKH HQHUJ\ RI YLEUDWLRQ VLJQDO
IUHTXHQF\ EDQG DUH FRQVLVWHQW ZLWK WKH FRUUHVSRQGHQFH
UHODWLRQVKLS QDPHO\ ZLWK WKH LQFUHDVH RI WKH ZHDU RI WKH HQJLQH
FUDQNVKDIW MRXUQDO LWV ZRUNLQJ SHUIRUPDQFH JUDGXDOO\
GHWHULRUDWHG DQG WKH YLEUDWLRQ EHFRPH PRUH DQG PRUH LQWHQVLYH
ZKLOH WKH HQHUJ\ RI YLEUDWLRQ VLJQDO WUDQVIHU IURP ORZ
IUHTXHQF\ WR KLJK IUHTXHQF\ EDQG WKH FKDUDFWHULVWLF SDUDPHWHU
YDOXHV DUH DOVR LQFUHDVH VLJQLILFDQWO\ 7KHUHIRUH E\ RQOLQH
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PRQLWRULQJ FDQ HVWDEOLVK D PDSSLQJ EHWZHHQ WKH ZHDU RI HQJLQH
FUDQNVKDIW MRXUQDO DQG FKDUDFWHULVWLF SDUDPHWHU XVLQJ WKH
FKDUDFWHULVWLF SDUDPHWHUV FDQ DFFXUDWHO\ GHSLFW WKH ZHDU RI
FUDQNVKDIW MRXUQDO
7DEOH  7KH FKDUDFWHULVWLF SDUDPHWHU RI YLEUDWLRQ VLJQDO
tĞĂƌ ͬŵŵ Ŭϭ ŬϮ Ŭϯ
Ϭ ϵϱ͘ϱ ϯϭ ϱϳ͘ϰ
Ϭ͘Ϭϵ ϭϬϭ͘ϯ ϯϵ͘ϳ ϲϮ
Ϭ͘ϭϴ ϭϬϯ͘ϭ ϰϰ͘ϴ ϳϯ
Ϭ͘Ϯϳ ϭϰϬ͘ϵ ϱϭ͘ϱ ϴϴ͘Ϯ
Ϭ͘ϯϲ ϭϵϯ͘ϲ ϰϵ͘ϲ ϭϬϯ͘ϴ
Ϭ͘ϰϱ Ϯϰϴ͘ϴ ϱϱ͘ϵ ϭϯϭ͘Ϯ
&KDUDFWHULVWLF SDUDPHWHU N LV WKH PRVW VHQVLWLYH WR UHIOHFW
WKH FKDQJH RI HQJLQH UXQQLQJ VWDWH WKH PDSSLQJ EHWZHHQ
FKDUDFWHULVWLF SDUDPHWHU N DQG WKH ZHDU DUH HVWDEOLVKHG DV
VKRZQ LQ ILJXUH   DQG WKH PDSSLQJV UHODWLRQVKLS DV IROORZ
 
    N H H H   
:KHUH H IRU ZHDUV N DV FKDUDFWHULVWLF SDUDPHWHUV























)LJ 7KH PDSSLQJ EHWZHHQ ZHDU DQG FKDUDFWHULVWLF SDUDPHWHUVN
:KHQ WKH ZHDU RI FUDQNVKDIW MRXUQDO UHDFKHV WKH VHWWLQJ
WKUHVKROG VH PP WKH SHUIRUPDQFH RI HQJLQH VLJQLILFDQWO\
UHGXFHG LW KDV UHDFKHG WKH UHTXLUHPHQW RI UHPDQXIDFWXULQJ %\
WKH PDSSLQJ EHWZHHQ WKH ZHDU DQG FKDUDFWHULVWLF SDUDPHWHUVN
ZH NQRZ WKDW WKH ZHDU VWDWH FRUUHVSRQGV WR D FKDUDFWHULVWLF
SDUDPHWHU VN  ZKLFK DV WKH VWDQGDUG WR MXGJH WKH
UHPDQXIDFWXULQJ WLPLQJ RI VDPH NLQG HQJLQH FUDQNVKDIW :KHQ
WKH FKDUDFWHULVWLF SDUDPHWHUV PRQLWRULQJ RI WKH VDPH NLQG
SURGXFW UHDFK VN  LW QHHGV WR EH UHPDQXIDFWXUHG :KHQ WKH NH\
FRPSRQHQWV  Ă UHDFK WR PDQXIDFWXULQJ WLPLQJ DQG FRQVLGHU
WKH DIIHFW SURSRUWLRQ RI WKH SHUIRUPDQFH ZKLFK FDQ GHWHUPLQH
WKH HQJLQH UHPDQXIDFWXULQJ WLPLQJ
%DVHG RQ RQOLQH PRQLWRULQJ WKDW WKH PDSSLQJ EHWZHHQ WKH
ZHDU H[WHQW DQG FKDUDFWHULVWLF SDUDPHWHUV FDQ EH DFFXUDWHO\
REWDLQHG ZKLFK SURYLGH D DFFXUDWH GLVFULPLQDWH EDVLV WR VHHN
WKH EHVW UHPDQXIDFWXUHG WLPH LQ WKH VHUYLFH SHULRG RI FUDQNVKDIW
DQG SURYLGH D PHWKRG WR DGGUHVV WKH SUREOHP RI WKH XQFHUWDLQW\
RI UHPDQXIDFWXULQJ EODQN TXDOLW\ WKDW WKH VHUYLFH SURGXFW DIWHU
WKH IDLOXUH DQG FRQWURO WKHP ZLWKLQ D VDPH TXDOLW\ OHYHO
 6XPPDU\
 $LPLQJ DW WKH XQFHUWDLQW\ RI EODQNV WKLV SDSHU SXWV
IRUZDUG WKH WKHRU\ RI SURDFWLYH UHPDQXIDFWXULQJ WKURXJK WKH
VWXG\ RQ XQFHUWDLQW\ RI WKH TXDOLW\ RI UHPDQXIDFWXULQJ EODQN
DQG VHW RXW WKH PHWKRG EDVHG RQ VHUYLFH PRQLWRULQJ WR
GHWHUPLQH WKH EHVW WLPLQJ
 %\ HVWDEOLVKLQJ WKH PDSSLQJ EHWZHHQ WKH ZHDU DQG
FKDUDFWHULVWLF SDUDPHWHUV WKH TXDOLW\ RI UHPDQXIDFWXULQJ
EODQN FDQ EH FRQWUROOHG ZLWKLQ D VDPH OHYHO )LQDOO\ WKURXJK D
FDVH YDOLGDWLRQ WKDW WKH PRQLWRULQJ PHWKRG WR GHWHUPLQH WKH
UHPDQXIDFWXULQJ WLPLQJ FDQ EH XVHG IRU PRVW SURGXFWV WR
DGGUHVV WKH XQFHUWDLQW\ RI WKH TXDOLW\ RI UHPDQXIDFWXULQJ
URXJK WR SURYLGH D QHZ VROXWLRQ ZD\
$FNQRZOHGJPHQWV
7KLV VWXG\ LV VXSSRUWHG E\ 1DWLRQDO %DVLF 5HVHDUFK SURJUDP
RI &KLQD  3URJUDP &% DQG 1DWLRQDO 1DWXUDO
6FLHQFH )RXQGDWLRQ RI &KLQD 
5HIHUHQFHV
>@ ;X %LQVKL )RXQGDWLRQV DQG DSSOLFDWLRQV RI UHPDQXIDFWXULQJ HQJLQHHULQJ
+DUELQ +DUELQ ,QVWLWXWH RI 7HFKQRORJ\ 3UHVV 
>@ 0XNKRSDGK\D\ 6 .0D + 7KH UROH RI TXDOLW\ XQFHUWDLQW\ LQ
UHPDQXIDFWXULQJ GHFLVLRQV ,Q ,QWHUQDWLRQDO -RXUQDO RI %XVLQHVV DQG
6\VWHPV 5HVHDUFK  9RO  1R S ˊ
>@ /LX 0LQJ]KRX /LX &RQJKX ;LQJ /LQJOLQJ HW DO 4XDOLW\ RULHQWHG
DVVHPEO\ JURXSLQJ RSWLPDO DOORFDWLRQ PHWKRG IRU UHPDQXIDFWXUHG
FRPSOH[ PHFKDQLFDO SURGXFWV ,Q -RXUQDO 2I 0HFKDQLFDO (QJLQHHULQJ
 9RO  1R S 
>@ -LQ ; +X 6 -ˈ1L -ˈ HW DO $VVHPEO\ VWUDWHJLHV IRU UHPDQXIDFWXULQJ
V\VWHPV ZLWK YDULDEOH TXDOLW\ UHWXUQV ,Q $XWRPDWLRQ 6FLHQFH DQG
(QJLQHHULQJ ,((( 7UDQVDFWLRQV RQ  9RO  1R  S 
>@ .DUD 6 0D]KDU 0 .DHEHUQLFN + HW DO 'HWHUPLQLQJ WKH 5HXVH 3RWHQWLDO
RI &RPSRQHQWV %DVHG RQ /LIH &\FOH 'DWD ,Q &,53 $QQDOV 
0DQXIDFWXULQJ 7HFKQRORJ\  9RO1R S 
>@ 0D]KDU 0 , .DUD 6 .DHEHUQLFN + 5HPDLQLQJ OLIH HVWLPDWLRQ RI XVHG
FRPSRQHQWV LQ FRQVXPHU SURGXFWV /LIH F\FOH GDWD DQDO\VLV E\ :HL EXOO
DQG DUWLILFLDO QHXUDO QHWZRUNV,Q -RXUQDO RI 2SHUDWLRQV 0DQDJHPHQW
 9RO1R S ±
>@ -LĜt 9DVV .DUD 6 HW DO9LEUDWLRQEDVHG $SSURDFK WR /LIHWLPH 3UHGLFWLRQ
RI :DVKLQJ 0DFKLQHV ,Q WK &,53 ,QWHUQDWLRQDO &RQIHUHQFH RQ /LIH
&\FOH (QJLQHHULQJ 6\GQH\
>@ /LX *XDQJIX /LX 7DR .H 4LQJGL HW DO 7LPH LQWHUYDO GHFLVLRQPDNLQJ
PHWKRGV IRU DFWLYH UHPDQXIDFWXULQJ SURGXFW EDVHG RQ JDPH WKHRU\ DQG
QHXUDO QHWZRUN ,Q -RXUQDO 2I 0HFKDQLFDO (QJLQHHULQJ 1R  S 

>@ 6RQJ 6KRX[X/LX 0LQJ/LX *XDQJ IX.H 4LQJGL 7KHRULHV DQG GHVLJQ
PHWKRGV IRU SURDFWLYH UHPDQXIDFWXULQJ RI PRGHUQ SURGXFWV ,Q -RXUQDO
2I 0HFKDQLFDO (QJLQHHULQJ  9RO  1R  S 
>@ +RX /LGDQ =KDQJ <X $ PHDVXUHPHQW V\VWHP GHVLJQ DQG ZHDU DQDO\VLV
RI WKH VKDIW SDUWV ,Q -RXUQDO RI 6KDQGRQJ 8QLYHUVLW\ RI 7HFKQRORJ\
 9RO  1R  S 
>@ /LX 0LQJ 3URDFWLYH UHPDQXIDFWXULQJ WLPLQJ GHWHUPLQDWLRQ PHWKRG RI
HOHFWURPHFKDQLFDO SURGXFW +HLIHL +HIHL 8QLYHUVLW\ RI 7HFKQRORJ\

>@ /LX 7DR /LX *XDQJIX 6RQJ 6KRX[X +XDQJ +DLKRQJ HW DO 3URGXFW
VXVWDLQDEOH GHVLJQ IUDPHZRUN IRU DFWLYH UHPDQXIDFWXULQJ ,Q &RPSXWHU
,QWHJUDWHG 0DQXIDFWXULQJ 6\VWHPV  9RO  1R  S 
>@ ' 'DVJXSWD . .ULVKQD.XPDH HW DO ,PPXQLW\%DVHG $LUFUDIW )DXOW
'HWHFWLRQ 6\VWHP $,$$ 
>@ 3HL ;LQFDL ;X 7RQJOH 6WXG\ RI EHDULQJ VLJQDO GHQRLVH DQG IHDWXUH
H[WUDFWLRQ EDVHG RQ ZDYHOHW SDFNHW ,Q &RDO 0LQH 0DFKLQHU\  9RO
 1R  S 
>@ -L <XHER )UHTXHQF\ RUGHU RI :DYHOHW 3DFNHW ,Q -RXUQDO RI 9LEUDWLRQ
DQG 6KRFN  9RO  1R  S 
